Evolution and divergence of the genes for cytoplasmic, mitochondrial, and flagellar creatine kinases.
Creatine kinase (CK) plays a central role in energy homeostasis in cells that display high and variable rates of energy turnover. A number of CK genes exist, each being targeted to particular intracellular compartments. In the vertebrates, two genes code for proteins which form homo- and heterodimers targeted to the cytoplasm, while two additional genes code for primarily octameric proteins targeted to the mitochondrial intermembrane space. Yet another gene is present in certain groups which codes for three fused, complete CK domains and is typically targeted to the flagellar membrane of primitive-type spermatozoa. CK is widely distributed in protochordates and both protostome and deuterostome invertebrate groups. The evolutionary relationships of these CK genes have not been fully elucidated. The present communication reports new cDNA-derived deduced amino acid sequences for four cytoplasmic and three mitochondrial CKs and one flagellar CK from lophotrochozoan, protostome invertebrates as well as a new cytoplasmic CK sequence from a protochordate tunicate. These new sequences, coupled with available sequences in the databases and sequences extracted from genome sequencing projects, provide revealing insights into the evolution and divergence of CK genes. Phylogenetic analyses showed that single cytoplasmic, mitochondrial, and flagellar CK genes were present prior to the divergence of the protostomes and deuterostomes. The flagellar CK gene may have evolved within the cytoplasmic gene clade, although the evidence is somewhat equivocal. The two cytoplasmic genes in the vertebrates, and most likely the two mitochondrial genes, evolved after the divergence of the craniates from the protochordates. Comparison of the structure of the genes for selected cytoplasmic, mitochondrial, and flagellar CKs revealed two identical intron boundaries, further reinforcing the notion of a common evolutionary origin, but also showed patterns of changes in structure consistent with each gene type. These studies show that the cytoplasmic, mitochondrial, and flagellar CK genes are rather ancient and that there has been a systematic pattern of duplication and divergence consistent with changing nature of energy demands and physicochemical environment in the cells where they are expressed.